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Introduction
Links between poverty, policy, and nutritional outcomes are complex. For example, the growing numbers of people who are categorized as obese and overweight are drawn from all socioeconomic, ethnic, and demographic groups, but not uniformly. Several writers have observed that low-income women-including those receiving food stamps-are more likely than the rich to be obese and overweight (Gibson, 2003; Townsend et al., 2001 ). This observation leads to two questions. First, has the current food stamp program (FSP) contributed to growing obesity among the poor in the United States? Second, could the FSP be redesigned such that it would contribute towards improving diet quality and ultimately reducing obesity?
The first of these questions is a question for careful model-driven statistical analysis of the historical data. Several studies in recent years have yielded a range of results, but the overall message from the published work is that, compared with non-participants, FSP participants tend to spend more on food, and more on food away from home, and are more like to be overweight or obese. Details differ among studies regarding the size of these effects among different demographic groups-in particular between male and female participants. 1 This paper explores the second question, which has not been subject to as much study though various proposals have been raised.
2 Specifically, we examine the likely effects on obesity from a particular set of proposed changes to the FSP. We begin with a quick summary of obesity, poverty, and food consumption patterns, followed by a discussion of the FSP and specific changes that have been proposed, aiming to encourage healthier diets among recipients. Next, a simple model of consumer choice is used to show how changes in the FSP to restrict the list of eligible foods might leave some FSP participants unaffected but may cause others to revise their food consumption or to opt out of the FSP. These results are derived from conventional economic reasoning but are not fully appreciated in the food stamp literature. The remainder of the paper presents less conventional findings that take account of market-level responses. We show how changes in demand induced by changes in the FSP would induce changes in both food quantities consumed and prices. Implied price changes would cause changes in food consumption of both FSP participants and non-participants. In particular, increases in consumption of ''more healthful" foods, such as fruits and vegetables, combined with complementary policies would be a more successful strategy than restricting purchases of ''less healthful" foods with food stamps. Guthrie and Variyam (2007) examined one of the complementary policies, nutrition education. Lin and Guthrie (2007) examined the potential quantitative effects of such bonuses in terms of the equivalent price and income effects. In California the state legislature has authorized but not yet approved funding for a program that would provide rebates of food stamps when food stamps were used to purchase fruits and vegetables (http:// www.ncsl.org/magazine/extra_foodprogram.htm).
Food Policy 34 (2009) [176] [177] [178] [179] [180] [181] [182] [183] [184] Contents lists available at ScienceDirect Food Policy j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / f o o d p o l prices of ''healthy" food and decreases in prices for ''unhealthy" food would mute the healthy food choices of FSP participants and encourage non-participants to consume a less-healthy diet. 3 We illustrate effects with a simple simulation model using representative parameter values, and we consider likely short-and long-run market-wide impacts for particular food commodities. The final section summarizes the findings and implications.
The problem of rising obesity in the United States: Trends and linkages
Excessive body weight has been cited by many as the key health problem in the United States today (e.g., Townsend, 2006) . The prevalence of obesity in the United States doubled between 1971 and 2000 (Zhang and Wang, 2004) and the percentage of children and adolescents who are overweight also increased dramatically, from 5% in 1976 to 16% in 2000 (Ogden et al., 2002) . The growing prevalence of obesity has offset some of the gains from healthy changes in American behavior, such as dramatic reductions in smoking and better control of blood pressure, and will continue to do so if current trends continue (Cutler et al., 2007) . Obese and overweight Americans generate large additional direct and indirect health care expenses, estimated to be $78.5 billion in 1998 alone (Finkelstein et al., 2003; Pronk et al., 1999) .
High and rising social costs of obesity may call for policy action, but determining the appropriate policy action is not easy, in part because the prevalence of obesity varies among socioeconomic, demographic, and ethnic groups. Individuals who are significantly more likely to be obese or overweight are also more likely to be poor (Mullally et al., 2008) . In addition, poor households are often food insecure (Bartfeld and Dunifon, 2005) and food insecurity has been linked to obesity in adults (Townsend et al., 2001 ) and overweight in children (Alaimo et al., 2001) . 4 Among children, those from low-income households are more likely to be overweight; and, if so, more severely overweight than those from wealthier households.
Reversing obesity trends requires substantially reduced caloric intake over the long term (or substantially more exercise). But the links between policy action and caloric intake are difficult to identify. Food consumption is determined by preferences, which are influenced partly by nutritional information, and by product availability, prices, and consumer income. To change dietary patterns most effectively, policies must target foods that contribute to improved diet quality; and, especially to reduce obesity, policies must overcome preferences for energy-dense foods. Analysis of such policies involves representing the role of the policy in affecting consumer incentives, constraints, and preferences (e.g., see Cash et al., 2005; Miljkovic, 2006; Schroeter et al., 2008) .
The US food stamp program, and proposed changes to it
The modern food stamp program grew out of a history of USDA programs designed to stimulate consumption of surplus farm commodities and provide additional calories to recipients who were poor and likely ill fed (US Department of Agriculture, 1996; Guthrie et al., 2007a) . Over time, the food consumption rationale for food stamps grew and the FSP is now the largest element of the USDA budget. Generally, households with incomes at or below 130% of the poverty line are income-eligible for food stamps, and around 50% of eligible individuals have participated historically (Cunnyngham, 2004) . 5 Of the roughly 25 million participants in the FSP in 2005, just over half were children under the age of 17, about 17% were elderly, 23% were disabled non-elderly individuals; 45.5% of all participants lived in households headed by white adults, 31.3% in households headed by African-American adults and 13% in households headed by Hispanic adults. Nearly 94% of all participants were US born citizens; only 3.1% were non-citizens. Table 1 reports average gross and net incomes (adjusted using FSP benefit calculation rules), monthly benefits, and household size for the approximately 11 million US households that participated in the FSP in 2005. Average benefits were approximately $200 per household per month.
Intended and unintended consequences of the food stamp program
Evaluated on the basis of the FSP's original objectives, the program has been very successful; the program has provided food assistance to millions of low-income adults and children, and this assistance has increased food expenditures, reduced food insecurity, increased incomes of the poor, and reduced child poverty (Le Blanc et al., 2007) . Studies of the effects of the FSP on food expenditures suggest that the marginal propensity to spend for food stamps is in the range of 0.17-0.47, meaning that an additional dollar of food stamp benefits generated between 17 and 47 cents of additional expenditures on food . 6 Studies generally find positive effects of FSP participation on the overall household availability of food energy and protein (Wilde and Nord, 2005) . Fewer studies have explored the relationship between FSP participation and diet composition or quality (e.g., the consumption of carbohydrates and fats, vitamins, and minerals), but the studies that do exist suggest that households of FSP participants generally have greater amounts of nutrients available for consumption. However, several studies suggest that FSP participation has had little or no effect on food consumption of individuals, although a consensus in the literature has yet to emerge . FSP participation may also generate a variety of unintended consequences. Kennedy et al. (1995) found that FSP participants eat less-healthy diets than do eligible non-participants and higher-income non-participants. 7 This difference was especially pronounced for the fruit and food variety components of the healthy eating index (HEI) measure for female FSP participants. FSP participants are more likely to suffer from iron deficiencies and anemia than higher-income and eligible non-participants (Fox and Cole, 2004) . FSP participants may also spend less on food away from home.
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Overall, the empirical literature has yielded mixed findings on the effects of participation in the FSP on body weight. Studies based on longitudinal data (e.g., Gibson, 2003 Gibson, , 2006 suggest that 3 We use the term ''unhealthy" here to identify foods that are likely to be caloriedense and nutrient-poor, and hence not included on the list of allowable foods in the proposed FSP, and not meeting the requirements of the US dietary guidelines. We understand that most foods can be a component of a healthy diet if consumed in moderation, but we find it convenient to use this shorthand to indicate food that would no longer be subsidized under the proposed FSP. 4 However, the link between poverty and obesity may be weakening over time. Jolliffe (2007) Hoynes and Schanzenbach (2007) found that the introduction of food stamps leads to a decrease in out-of pocket spending on food, an increase in overall food spending, and a decrease (although insignificant) in the propensity to take meals out. Pan and Jensen (2008) also found that FSP participation reduced the share of food expenditures on food away from home.
there is a positive relationship between participation in the FSP and obesity for adult women, whereas no such correlation exists for men. However, these studies assume that the impact of FSP participation on body weight has been constant over time. According to the most recent round of the NHANES survey, the rate of obesity among US adults has continued to increase, while BMIs among FSP participants have declined on average (Ver Ploeg et al., 2006 . 9 For some socioeconomic groups FSP participation may now be associated with lower expected body weight. Other recent literature suggests that participation in the FSP does affect the likelihood of overweight and obesity, at least for women (e.g., Baum, 2007; Kaushal, 2007; Meyerhoefer and Pylypchuk, 2008) .
Proposed changes to the food stamp program
Inflation-adjusted prices of most foods have fallen substantially over the past 40 years (Alston et al., 2006a) and incomes in the United States generally have risen such that the proportion of income spent on food has declined. Furthermore, consumers now spend a much higher proportion of their food dollar on services associated with food than they did in the past. More meals are consumed away from home and, even for meals consumed at home, a higher proportion of food preparation is done elsewhere; this also is true for FSP participants (Mancino and Newman, 2007) . These food items are often more caloric than the home-prepared alternatives they replaced (Kuchler et al., 2005) .
The current food stamp program allows participants to use the subsidy to consume a diet dominated by energy-dense foods and beverages. A less energy-dense diet will tend to be lower in fat and include more foods that are high in water content such as fruits and vegetables. Eating foods with lower energy density (fewer calories per unit weight) has been shown to reduce overall energy intake and (over time) reduce the prevalence of overweight and obesity. This conclusion is supported by evidence from short-term experimental studies, which consistently find that decreasing the energy density of the diet enhances satiation and lowers energy intake among experimental subjects (Darmon et al., 2004; Devitt and Mattes, 2004; Rolls et al., 2005; Blass, 2008) .
Given the importance of obesity and other new food market circumstances some suggest that it might be appropriate to modify the FSP to better achieve improved dietary quality for the poor, and especially children in poor households. More specifically, it has been suggested that the FSP could be redesigned to promote the consumption of foods like fruits and vegetables, low-fat dairy and meat products, and dried beans and legumes, as a strategy for improving the participants' dietary quality and reducing total calories consumed. Various proposals have been raised and some have been subjected to analysis (e.g., Guthrie et al., 2007a,b) .
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Challenges in determining implications of proposed changes to the FSP Table 2 sets out a particular set of suggestions regarding foods that would be allowed under a revised FSP, based on a set of changes proposed by Townsend (2006) , which we developed to provide a concrete basis for our analysis.
How might the suggested changes to the FSP, disallowing the use of stamps for energy-rich foods, affect the foods consumed by FSP participants? The first challenge in addressing this question is to assess the responses of program participants holding food prices and other things constant. To some degree, participants might simply use cash for the disallowed foods and use food stamps for the foods that remain allowed, leaving the total consumption bundle largely unchanged. But, if consumption patterns of FSP participants were to change we must also consider aggregate market outcomes that affect prices, which feed back into food consumption by participants and non-participants alike.
Given that changing the list of allowable foods and beverages would affect consumption patterns of at least some FSP participants, total market demand would increase for the allowed foods and contract for the disallowed foods. These demand shifts would generally affect both market price and market quantity of each food, where the balance between price and quantity would depend on the nature of supply response in the food industry. Hence, even if we were to know the initial demand response by FSP participants, the equilibrium responses to FSP changes would depend on interactions between the supplies and demands for foods. Of course, consequences for nutritional outcomes such as obesity are even more complex, since these depend on the quantities consumed of foods of each type and the overall implications for caloric intake by all consumers. The remainder of this article uses facts about demand for and supply of particular types of foods to suggest the likely results of a revised FSP.
Likely responses of consumers to proposed changes to the FSP
The proposed changes to the FSP would alter the list of foods that FSP participants could purchase with their food stamps. Standard analysis of the effect of the FSP on food consumption notes that most participants spend more on food than the value of their stamp allotment, and when this is true food stamps act as a pure income supplement with the same effect on food consumption as a cash transfer. 11 The reason is that any marginal increase in stamps can be offset with a reduction in monetary outlays for food so that the constraint that the stamps must be spent on food would not restrict the participants' flexibility in choosing food consumption relative to other goods and services. For these ''inframarginal" Barrett (2006) for a list of allowed deductions.
9 Kaushal (2007) examines the links between FSP participation and obesity among immigrants.
10 To our knowledge the USDA is not presently contemplating the introduction of any such changes to the FSP, including those examined in this paper. 11 This result may be derived algebraically or illustrated using graphical analysis of the budget constraints facing participant households (Fraker, 1990; Mullally et al., 2008) .
households, food stamps affect food expenditure as would a cash transfer. If the household spends no extra cash on food, however, then the value of food stamps it is allocated does limit food consumption, and more stamps would increase food consumption directly. Now, suppose food stamps can be used only to purchase healthy foods. Under this revised FSP, foods that are not eligible for purchase with stamps are equivalent to any other non-eligible good or service. If the total value of food stamps is less than the household would have chosen to spend on healthy foods, then once again the food stamps do not add to total consumption of healthy food because the household would be spending all its food stamps and some of its cash income on healthy food. More food stamps simply would mean that the household could use more of its cash income for other goods. Alternatively, suppose that with the current food stamps the household would have chosen a smaller expenditure on healthy food than the total value of the food stamps. In this case, with the switch to revised food stamps, the constraint would be binding and the household would spend the entire food stamp allocation on healthy food, and would use cash income for other goods including the ineligible foods. As a result of the switch to restricted food stamps the household would reduce expenditure on other goods and increase expenditure on food. Hence, as a consequence of being given restricted food stamps rather than generic food stamps, the household would consume more ''healthy" food and, most likely, less (but still some) unhealthy food.
12 Some participating households may opt to cease to participate in the FSP if faced with these restricted options. In summary, if the current FSP were revised as proposed, the consumption of healthy foods by some recipients would most likely increase. However, the effects on total food purchases and the purchases of unhealthy food by recipients are less clear. Some recipients may not change their eating habits, if they are already consuming more-healthy food than the value of their food stamp allotment would permit. Some recipients may increase their consumption of healthy food, using food stamps, but at the same time may reduce their consumption of other goods to allow them to avoid reducing consumption of less-healthy food items. These issues turn on the extent to which the constraint to spend food stamps only on healthy food is binding on consumption choices, as well as other characteristics of the recipients and their preferences.
Under the current rules, nearly all households fall into the ''unconstrained" category: observed food expenditures exceed food stamp benefits. In his review of the food stamp literature, Fraker (1990) reports that between 5% and 15% of beneficiary households purchase food solely through the use of food stamps. Whitmore (2002) estimates this figure to be between 20% and 30%. The proportion of constrained households would undoubtedly increase if the list of allowable foods was revised, since doing so would effectively tighten the constraint on household consumption. For example, suppose the revised FSP focused on promoting consumption of fruits and vegetables. Blisard et al. (2004) report that households with income levels below 130% of the poverty line in 2000 spent about $24.41 per month on fruits and vegetables, of which $14.82 was used to purchase fresh fruits and vegetables; households with a greater number of members older than 45 years of age spent significantly more on these foods, but no other significant effects of household age structure were observed. The $24.41 figure represented 10.4% of the average monthly FSP benefit for FSP households with children and 15.4% of the average monthly FSP benefit for all participating households in 2000 (Cunnyngham, 2001) . 13 These data suggest that a large fraction of households participating in the FSP would find themselves constrained by the introduction of the suggested revisions to the list of allowable foods, and would change their consumption behavior as a result. Participation in the FSP has varied quite substantially over the past several decades and for an array of economic and other reasons (Elkin and Turner, 2008; Wilde et al., 2000) , some of which are specific to particular socioeconomic groups (Cody, 2004) . The conclusion that participants would be likely to increase their consumption of healthy foods is drawn under the assumption that, other things remaining equal, participation in the FSP will not be affected. For households that would find themselves constrained by the proposed changes to the FSP, shortening the list of foods that may be purchased using food stamps would reduce the perceived value of the stamps. As a result, households at the participatory margin might no longer find enrolling in the FSP worthwhile.
Potential market responses to changes in the FSP
So far our analysis of food choices has been conducted under an assumption of constant prices for both types of food and other goods. However, the proposed changes to the FSP would likely generate some increases in demand for the foods included on the revised list of eligible foods, and decreases in demand for foods no longer on the list. These changes in demand would cause increases in both quantity and price of each type of food, with the degree of price increase depending on the supply response for each food product. Supply response in turn depends on factors that affect the added costs of increasing quantities in the market including the length of run (the time allowed for the industry to adjust to the changes). To the extent that increases in demand for morehealthy foods cause increases in their prices, and decreases in demand for less-healthy foods cause decreases in their prices, the second-round or indirect effects of the policy through induced price changes would be to offset the first-round or direct effects. Furthermore, these price adjustments would cause households who do not receive food stamps to reduce their consumption of the eligible foods and increase their consumption of the ineligible foods. Consequently, the ability of policy makers to bring about meaningful changes in eating habits among FSP participants and the population more broadly hinges in part on the behavior of farmers, grocery retailers, and other links in the agricultural supply chain.
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A multi-market model of supply and demand for agricultural commodities
As noted above, the proposed policy, if effective, would affect the demand for all foods and other products. In the illustrative simulation model developed here we assume that the cross-product impacts on the supply side are likely to be negligible and focus attention on the substitution between ''healthy" and ''unhealthy" foods in demand. Fig. 1 represents the market for commodity A (a ''healthy food" eligible for purchase with food stamps) in panel a, and the market for commodity B (an ''unhealthy food" not eligible for purchase with food stamps) in panel b. Now, suppose that, as a result of a change in the food stamp program (indicated by the notation FSP 0 to FSP 1 ), demand for commodity A increases, from D A,0 to D A,1 and demand for B decreases from D B,0 to D B,1 . Holding other factors constant, these demand shifts would cause an increase in price of A from P A,0 to P A,1 and a decrease in price of B from P B,0 to P B,1 . However, since the two types of food are substitutes in consumption, the initial increase in price of A would cause a secondround increase in demand for B, and the initial decrease in price of B would cause a second-round decrease in demand for A, in each case offsetting the direct effects of the initial demand shifts. The equilibrium result would depend on the relative magnitudes of the direct (through the proposed FSP changes) and indirect (through the induced price changes) effects on demands for the two goods. We would expect the net effects would be to increase demand for A and reduce the demand for B, but by less than the direct effect alone would imply. In Fig. 1 , the equilibrium demand curves reflecting all these effects are depicted as D A,2 and D B,2 . The corresponding quantities and prices for good A are Q A,2 and P A,2 , both greater than their initial values, and the corresponding quantities and prices for good B are Q B,2 and P B,2 , both less than their initial values.
In this analysis, allowing for both direct and indirect effects, the program changes would encourage participants to consume more of the healthier food (i.e., A) and less of the less-healthy food (i.e., B). However, the induced price changes would cause non-participants to consume less of the healthy food (A) and more of the unhealthy food (B). The relative importance of these effects for the different groups of consumers will depend on the relative sizes of the own-and cross-price elasticities of supply and demand.
As noted above the amount of equilibrium change in the diet of participants and non-participants depends on the induced food price changes, which in turn depend on the elasticity of supply. In the extreme short run, supply is likely to be quite inelastic, additional healthy food supplies would not be available and more of the impact in the proposed new policy would show up as an increase in the market prices of healthy foods. Over time, however, as the supplies of each type of food respond to the price incentives, the price changes would be muted and diets would adjust. The nature of supply response to price, and the amount of time it takes for full adjustment to a new equilibrium vary systematically among food products, reflecting differences in the biology and technology of production of the agricultural commodities upon which they are based. Systematic differences may also be found in other factors that influence price effects of demand changes, including the extent to which products are traded internationally or processed, and the roles of government policies.
Quantitative considerations
An algebraic counterpart of the model represented in Fig. 1 can be used to make our arguments more concrete and, if information on the key parameters can be obtained, to quantify the main effects. The equations of the model include supply and demand equations for each of the two categories of goods. For present purposes, it is of interest to disaggregate each demand into demand by FSP participants and non-participants. Thus the model is given by 14 While not examined here, changes in food prices may not be spatially uniform (Nord and Hopwood, 2007 ).
In these equations, H and U denote the quantities of ''healthy" and ''unhealthy" food, P h and P u denote the corresponding prices, subscripts f and n denote demands by participants and non-participants in the FSP, and D denotes demand shifters resulting from changes in the FSP rules (these demand shifters are included only in the market for participants, reflecting an implicit assumption for now that participation rates are not affected by the program rules). The first four equations represent the demands by participants and non-participants for healthy and unhealthy food, the next two equations represent the supply equations for healthy and unhealthy food, and the last two equations are market-clearing quantity identities.
Taking logarithmic differentials, the equations of the model can be expressed in terms of proportional changes and elasticities of supply, and demand as follows:
These eight equations can be solved for the eight proportional (or percentage) changes in endogenous variables-four quantities consumed (U f , U n , H f , and H n ), two quantities supplied (U = U f + U n , and H = H f + H n, ), and two prices (P h and P u )-as functions of parameters representing the proportional exogenous shocks to demand generated by the changes in the FSP rules (a h , a u ), the elasticities of supply (e h , e u ) and demand (g hh , g hu , g uh , and g uu ), and the initial consumption mix (u f = H f0 /H 0 and m f = U f0 /U 0 , defined using the specific quantities of healthy and unhealthy food consumed by participants and non-participants prior to the policy change). Assuming for simplicity that the elasticities of demand are identical between participants and non-participants, the solution for changes in prices is
where D ¼ ðe h À g hh Þðe u À g uu Þ À g hu g uh : Substitution of these results into Eq. (2) yields the corresponding changes in quantities.
The solution to the model is influenced by the fact that the two demand shift parameters, a h and a u are not independent. In the case where expenditure on food is constant, any increase in expenditure for ''healthy" food must be offset by an equal corresponding decrease in expenditure on ''unhealthy" food. This consequence of the budget constraint is reflected in the elasticities of demand. The implication is that s u a u = À(1 À s u )a h , where s u is the share of the FSP participants' budget that is spent on unhealthy food. Substituting this result into Eq. (3) and eliminating a u yields
Own-price elasticities of demand are negative numbers (i.e., g hh < 0, g uu < 0), and under most reasonable assumptions the cross-price elasticities will be positive numbers (i.e., g hu > 0, g uh > 0) meaning that the two types of foods are substitutes in the household diet. Therefore, if FSP participants were to switch towards more-healthy food, the price of healthy food would rise and the price of unhealthy food would fall (i.e., d ln P h > 0 and d ln P n < 0). Substituting these results into the demand equations, consumption of healthy food by FSP participants would increase and their consumption of unhealthy food would decrease; the opposite for non-participants.
Applying specific values for the parameters, we can simulate magnitudes of changes in prices and consumption implied by the proposed changes in the FSP. Table 3 contains a summary of model results for different values of the initial demand shock (a h ), the own-price elasticity of demand for healthy food (g hh ), and the own-price elasticity of demand for unhealthy food (g uu ). While the empirical literature on consumer behavior contains a wide range of estimates, the values for food demand elasticities employed in Table 3 represent a range that can reasonably be expected to bracket the true values.
15 It is less easy to define representative values for supply elasticities since they vary among commodities over a much larger range (from zero to infinity) and for a given commodity with changes in the length of run. The elasticities of supply of healthy and unhealthy foods (e h , e u ) are held fixed at 1.0 in these calculations, consistent with an intermediate length of run for most food commodities. In each case, the initial increase in quantity consumed of healthy food among FSP participants is muted by the implied increase in prices. The magnitude of the change in consumption depends upon the own-price elasticities of demand, g hh and g uu .
Holding other parameters constant, greater increases in consumption of healthy foods among FSP participants are associated with a smaller own-price elasticity of demand for healthy foods, or a larger own-price elasticity of demand for unhealthy foods. For nonparticipating households, larger values of g hh will result in smaller decreases in the consumption of healthy foods following the initial demand shock, and larger increases in consumption of unhealthy foods.
Determinants of price impacts for the main food commodities
The multi-market model presented above is useful conceptually but has some empirical limitations. We have abstracted from the marketing chain between foods at retail and markets for farm commodities used as the raw materials for retail foods (for examples of efforts to empirically examine these links see Lamm and Westcott, 1981; Wohlgenant, 1989 Wohlgenant, , 2001 . A practical empirical counterpart would have to include separate equations for many different foods and associated commodities reflecting their different demand and supply elasticities, roles of government policies, international trade, and the food industry, and different roles in the original and revised FSP (e.g., see Abbott, 1999; Jetter et al., 2006) . Relevant information for identifying parameters for such an empirical model is not immediately available.
Rather than build such a model we will conjecture about the potential impacts, commodity by commodity, that would result from changes in demand induced by changes in the FSP rules, based on knowledge of the nature of their markets and other relevant factors, and drawing on some related work in previous studies. For this discussion, it is sufficient to know the likely direction of the effect of the change in the FSP rules on the demand for particular commodities, but even that aspect may be hard to judge in some cases given the complex linkages between specific commodities and the foods they are used to produce.
Grains
We expect the restriction to only whole grain products to cause some price increase initially as mills adjust, but since this restriction would have only tiny impacts on total grain use and since the United States is a major grain exporter, no significant price changes would be expected after the initial brief period of adjustment (Buzby et al., 2005; Vocke et al., 2005) .
Dairy products
It is complex to predict the market-wide consequences of a shift in demand towards low-fat dairy products and away from higherfat dairy products because fat and non-fat solids are produced in fixed proportions in raw milk and US dairy policy maintains a high price of beverage milk products, which causes lower prices for processed products, such as cheese. In this case, there are strong and direct links in production between healthy food (containing nonfat dairy products) and unhealthy foods (containing butter fat). Specifically, given fixed proportions of fat and non-fat components in milk, for a given amount of milk production (at the farm level) a shift to higher consumption of low-fat dairy products by some consumers necessarily would leave more fat to be consumed by others (Alston et al., 2006b) . A sustained increase in the demand for lower-fat dairy products will make more-healthy (lower-fat) dairy foods more expensive and less-healthy (higher-fat) dairy foods less expensive to rebalance the consumption to match the ratio of fat to non-fat solids in milk that comes off the farm, although some of the change could be absorbed by increasing (reducing) the milk fat content of US dairy exports (imports).
Sweeteners
Since about the mid-1990s in the United States sweetener use has been divided roughly evenly between sugar and high fructose corn syrup (HFCS) (US Department of Agriculture, 2006a). The direct impact of the proposed changes to the FSP would likely be a decrease in demand for sweeteners, with some corresponding decrease in prices for sweetened products. Such a price effect would be relatively small because of relatively easy supply adjustments in alternative uses for corn and because of the US price support for sugar (Beghin and Jensen, 2008) .
Fats and oils
The price effects of suggested changes to the FSP would likely be minimal given that the United States is a major oilseed exporter and the changes in demand would be small relative to the supply of oilseeds that are used mostly for livestock feed (US Department of Agriculture, 2005) .
Meats
Adoption of the revised list of foods that may be purchased using food stamps would encourage greater consumption of lowfat cuts of poultry, eggs, and lean cuts of red meat; fattier cuts of red meat would no longer be included on the list of allowable foods. The adjustments in the supply of beef would take longer than adjustments in poultry or hog markets, but all these supplies are elastic and price movements would be small, especially since the United States is a significant exporter of fatter beef cuts and poultry products and an importer of lean beef.
Fruits, nuts, and vegetables
The proposed changes in the FSP would result in increases in demand for fresh and processed fruits, nuts, and vegetables, implying increases in demand for all commodities in this category. The nature of supply response differs between annual crops (most vegetables) and perennial crops (most fruits and nuts). Supply of perennial crops is relatively inelastic for a several-year horizon so prices would rise for a longer time period than would prices of vegetable products, although vegetables are grown on a specialized land base that would limit supply adjustment for those crops too (LeStrange et al., 1996) . Offsetting the relatively inelastic supply is the large share of international trade in the supply and demand for tree nuts, fruits, and processed vegetables.
The general implication is that in the short run there may be some significant induced changes in relative prices for some food commodities, introducing complexities into the adjustment to the proposed policy change, some of which may be counter to the purpose of the change. Although some of these undesired consequences would be sustained, the induced price changes would be largely transitory and within a few years largely eliminated for most commodities. This view is reinforced by previous work that has found that American agriculture has substantial capacity to adjust in response to a demand for a healthier diet. Several authors have estimated the effects on US agriculture of improvements in diet quality. Young and Kantor (1999) concluded that meeting the consumption increase necessary to fulfill the Guidelines would require a 3-4 million acre increase in cropland area planted with fruits, and a 2-3 million acre increase in the area planted with vegetables. This would represent a 20-30% increase in cropland devoted to these crops if all the increase was produced in the United States (US Department of Agriculture, 2006b Agriculture, , 2007 . Jetter et al. (2006) estimated that it would be sufficient to divert approximately 1% of the 218 million acres dedicated to field crops (such as alfalfa, rice, wheat, field corn, and cotton) to supply the increase in fruit and vegetable consumption if the entire US population adopted the Dietary Guidelines recommendation of nine servings per day of fruits and vegetables (three to four servings of fruit and four to five vegetable servings). Johansson et al. (2006) estimated changes in production and returns to US agriculture if the American public were to achieve the ''Healthy People 2010" goals outlined by the US Department of Health and Human Services. Changes in prices and production were reported relative to baseline USDA forecasts for the year 2010. The estimated losses to US agriculture ranged from 2.4% to 6.7% of net revenues.
Summary and conclusion
Many of the poor are also obese, and increasingly so, and therefore food policies directed at the poor may have implications for obesity that should be considered as part of the policy design. The food stamp program in the United States has hitherto allowed participants to spend food stamps on foods that may have little nutritional value, apart from the provision of calories, and that may have contributed to decreases in diet quality and ultimately increases in obesity among the FSP participants.
Little evidence has been available for assessing the effects of changes in the types of allowable foods, since the guidelines for FSP foods have remained largely unchanged while the number, types, and characteristics of available foods have changed dramatically over the past 40 years. If the FSP were revised to limit purchases to healthier foods, consumers for whom food stamps represent a large share of total food expenditures, and especially those among them who are already consuming a relatively large share of less-healthy foods, would more likely shift to a more-healthy diet, but program participation would also decline. Evaluating changes to the FSP must also consider impacts on the 25 million poor in the United States who do not participate in the program.
The proposed change in FSP rules would be expected to result in some increases in consumption of ''healthy" foods and decreases in consumption of ''unhealthy" foods and some gradual reduction in obesity of FSP participants. However, the induced changes in prices would result in decreases in consumption of ''healthy" foods and increases in consumption of ''unhealthy" foods by other consumers. The net effect must be more overall consumption of healthy food and less consumption of the unhealthy foods, but this overall net impact will reflect a complex of mixed effects that differ between rich and poor, participants and non-participants in the FSP, and over time. Effects on obesity are even more complex and likely to be similarly mixed and smaller overall.
In the very short run, changes in the FSP may be absorbed significantly through changes in commodity prices, not just changes in quantities. The sizes of these effects would evolve over time with evolving supply response to price, and the time taken to fully adjust will differ from commodity to commodity. But ultimately, the price effects should be minor for most commodities. Given relatively small induced changes in food prices in the longer run, we expect the proposed changes in the FSP would have significant impacts on quantities of foods consumed and for FSP participants, we would expect their diet quality to improve. The quantity of fruit and vegetable consumption would rise and the overall caloric density of meals would decline. This could lead to reductions in total caloric intake and gradual weight loss for FSP participants. In contrast, eligible non-participants would face increasing prices for most healthy foods and decreases in prices for most unhealthy foods. Consequently, their diets would deteriorate in quality and overall caloric density would likely increase causing weight gain and more obesity. Furthermore, restricting what can be purchased and increasing the complexity of the program would make the FSP less attractive and the number of participants would therefore decline.
This mixed outcome reflects a fundamental problem with the concept. An important lesson from economics is that if policy has more than one objective, we should use more than one policy instrument. The food stamp program was initially supposed to assist Americans who could not afford an adequate diet (enough calories). It is difficult to use the same policy instrument to achieve another objective-a healthy diet as well as an adequate one-at the same time. Therefore, while a redesigned FSP may lead to healthier diets and reductions in obesity for some FSP participants, in the aggregate, the revised FSP is likely to be ineffective and inefficient, so additional policy instruments would be required. In short, redesigning the list of allowable foods appears to be a poorly targeted intervention for combating obesity among the poor. It ignores the large portion of the poor who do not participate in the FSP, and the consequences of reduced participation incentives. Finally, as discussed by Guthrie et al., 2007a) , determining which foods should be on the list of allowable purchases may substantially increase the administrative costs of the FSP, especially in view of the huge and continually changing number of food alternatives in the US food market.
